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SUMMARY 
Two loading mechan i sms were investigated to de te rmine thei r 
pract icabi l i ty for minimizing creep- t ime effects in photoelast ic 
m a t e r i a l s . The two mechan i sms were : ( 1) a device to apply a con-
stant s t ra in to the photoelastic model, and ( 2) a device to apply a 
load to the model through a spring loaded dynamometer . Limited 
work had previously shown that both mechan i sms , when compared 
with the commonly used constant loeid method of s t r e s s ing a model , 
reduced the c r eep - t ime effect. 
A theore t ica l analys is shows that the resu l t s to be expected 
with each device a r e dependent on both the photo-elastic ma te r i a l 
and model geomet ry . Exper imenta l t es t s were made with only one 
photoelast ic ma te r i a l , GR-39, which has a re la t ively l a rge c r eep -
t ime effect under a constant load. Five model types were tes ted . 
Both devices were found to reduce c reep markedly for some model 
shapes . Over a two hour period, total c reep as low as one per cent 
of the fringe o rder was m e a s u r e d with both devices . The c reep 
rate was found to vary with the model shape and the method of loading. 
Although the two devices a r e comparable in minimizat ion of c r eep -
t ime effects in CR-39, the spring loaded dynamometer is p r e f e r r ed 
because of i ts s implici ty of operat ion, 
F u r t h e r investigation of the two devices using other photo-
elast ic m a t e r i a l s i s suggested by the r e s u l t s . The effects of s t r e s s 
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concentrat ions nea r loading points of the model on c reep effects may 
also be worthy of investigation. 
CHAPTER I 
INTRODUCTION TO THE PROBLEM 
In photoelast ic investigations it is often n e c e s s a r y for the 
measu remen t of i sochromat ics and isocl inics to extend over a con-
s iderable per iod of t ime while the model is in a s t r e s s e d condition. 
However, many photoelastic m a t e r i a l s , when s t r e s sed , exhibit a high 
ra te of optical c reep , i. e. , a rapid change of the fringe pa t te rn with 
t ime. This , obviously, is undesirable since the re may be a cons ider -
able difference in the fringe pa t te rn exhibited by the model over a 
per iod of t ime, thus leading to innate e r r o r s in observat ion of fringe 
values. 
It would be des i rab le , then, to have a method of maintaining a 
constant fringe pa t te rn throughout an experiment or to have a method 
of obtaining cor rec t ions for the changing fringe pa t te rn . It was the 
purpose of this investigation to de termine the prac t icabi l i ty of two p r o -
posed loading devices to obtain these ends. The commonly used 
constant load device was to be replaced with one of the following devices . 
( 1) A spring loaded dynamometer scale to apply the load. It 
was believed that the dynamometer would par t ia l ly r e l ea se the load as 
the s t r a in in the model inc reased with t ime, thus decreas ing the s t r e s s 
and to some extent compensating for the optical c reep in the model. A 






Dynamometer Loading F ix ture 
3 
( 2) A c reep balance which would apply a fixed deflection to 
the model, thus eliminating optical c reep if the optical c reep was p r o -
portional only to physical c r eep . A further extension of this method 
would allow a cal ibrat ion model to be placed in s e r i e s with the tes t 
model so that instantaneous values of the fringe coefficient could be 
found as the tes t p r o g r e s s e s . A d iagram of the c reep balance is shown 
in F igure 2. 
Prev ious work with the two methods consis ted of a smal l 
amount of unpublished data by Dr. J, P . Vidosic1 . This data was 
p re l imina ry and inconclusive. Investigation of c reep p rope r t i e s of 
photoelastic ma t e r i a l s has been done by Filon and Coker ( 1) , et a l . 
A discussion of various empir ica l equations for c reep in celluloid, 
bakelite and India rubber is given in reference ( 1) . 
The c reep balance was proposed by Charles H. Nor r i s (2) and 
has been used at the Massachuse t t s Insti tute of Technology. This work, 
using Bakeli te BT-48-306 as a photoelastic m a t e r i a l , indicated that 
the creep balance was capable of eliminating optical c r eep . 
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In the work of Filon and Coker ( 1) it has been shown that the 
optical effect may be proportional to either stress or strain, or stress 
and strain, depending on the photoelastic material used. Clearly this 
fact is of secondary importance while working with a perfectly elastic 
material but in the plastic region or while working with creep effects 
it is of paramount importance. Let us assume a material whose optical 
retardation is proportional to both stress and strain and is of the form: 
r = a (J + j3€ (1) 
where 
r = retardation, 
a, j3 = constants of the material, 
(J = stress, 
e = strain. 
In the proportional region of this material 
c = -g- » (^) 
where 
E = modulus of elasticity, 
and equation ( 1) may be written 
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r = (*+ £ . ) a , (3) 
or 
r = (orE + 0) c , (4) 
if it is a s sumed that the re a r e no c reep effects. 
If this ma te r i a l is now observed over a per iod of t ime while 
loaded in a constant load device, the optical pa t te rn will change as the 
s t ra in continually i nc r ea se s and the s t r e s s r emains essent ia l ly constant. 
However, since c reep can be thought of as a change in the modulus of 
elast ici ty of a ma te r i a l with t ime, a ma te r i a l may c reep while main-
taining a constant deflection, by reducing the s t r e s s of the ma te r i a l 1 . 
This would indicate that a constant s t ra in device would not el iminate 
optical c reep in a ma te r i a l whose re ta rda t ion is proport ional to both 
s t r e s s and s t ra in—a "two p a r a m e t e r " ma te r i a l . The optical creep 
would be e l iminated only if the s t r e s s constant, "a" , for the pa r t i cu la r 
ma te r i a l was ze ro . 
This analys is has shown that for a "two p a r a m e t e r " ma te r i a l , 
nei ther a constant load nor a constant s t ra in loading device will 
el iminate optical c reep if the modulus of e las t ic i ty of the m a t e r i a l 
changes with t i m e . The amount of minimizat ion obtained with each 
device will depend on the p roper t i e s of the individual m a t e r i a l . 
The dynamometer sca le method of loading is in te rmedia te 
between the constant load and constant s t r a in devices . The mechan i sm 
*The concept of a changing modulus is m o r e fully d i scussed in 
t e r m s of a " re laxed e las t ic modulus" in reference (3) , pp 41 - 47. 
is such that a c reep in the model will cause a slight dec rease in load, 
which will in turn reduce the tendency for the model to c r eep . While 
the actual s t r e s s is somewhat reduced in a manner s imi l a r to the 
constant s t ra in device, the model continues i ts physical c reep , not 
unlike the constant load mechanism.. 
We may i l lus t ra te this action with the following example of a 












= specimen length, 
= force on specimen, 
= c ros s sectional a r ea , 
= initial position of the free end before applying load, 
= dynamometer spring constant, 
= position at which spring force is ze ro , i. e. , spring 











At time ty, 
and 
If 
for the material, then 
which can be written 
F 
xs k 
e i = 7 
cr4 = x -
xs - TT 
r = or a + j3 
a F, / x F. 
1
 n s i ri = TT- +*hr-n • 
0 xs « / a j3 r, - - _ + F 1 ^ - F 7 
Since the change in A is very small, the retardation is equal to 
a constant plus a linear function of F . Thus as long as physical creep 
occurs there will be a corresponding change in the retardation. Also, 
it can be seen that the change in retardation is dependent on the 
geometry of the model as well as the properties of the model material. 
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The dynamometer scale method of loading would not be capable, 
then, of eliminating optical c reep in a photoelastic m a t e r i a l . However, 
the optical c reep may be grea t ly reduced, depending on the p rope r t i e s 
of the ma te r i a l used. 
10 
CHAPTER III 
EQUIPMENT AND MODELS 
The polar iscope used in this investigation is located in the S t r e s s 
Analysis Labora to ry of the Georgia Inst i tute of Technology. This 
polar iscope is a lens type utilizing Polar iod as the polarizing medium. 
A schematic d iagram of the polar iscope is shown in F igure 3 and a 
pic ture is shown in Figure 4. A sodium vapor lamp utilizing a f i l ter to 
o 
give monochromat ic light of wave length 5461 A was used as a light 
source . Fr inge readings were taken di rect ly from a s c r e e n upon which 
the image was projected. The loading f rame for the polar iscope was a 
commonly used type, with a loading bar , hinged on one side of the f rame, 
moving in a ver t ica l plane. The loading force was applied at the opposite 
end of the ba r as shown in F igure 5. The model loading at tachment was 
located so that a four to one magnification of the force applied to the ba r 
was obtained in the model. 
Equipment to produce the models included a j igsaw, a dril l 
p r e s s , and a Gorton router . The jigsaw was used for cutting the models 
from the plas t ic sheet and the final machining was done with the rou te r . 
This equipment was a l ready available in the labora tory . 
Five types of models were used in the investigation. Existing 
j igs and templa tes were used since each model was a type previously 
used in the labora tory . These fixtures included the following: 
Light 
Source 
Quar ter Wave 
P la te 
Po l a r i ze r 
Collimating 
Lens 
Model Condensing Lens Screen 
Analyser 
Quar te r Wave 
P la te 
F igure 3 
Schematic Diagram of Po la r i s cope 
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Figu re 4 
Lens Type P o l a r i s c o p e with Dynamomete r Loading F ix tu re 
13 
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Loading F r a m e and Method of Loading 
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( 1) a dri l l jig for spacing holes on integral inch cen te r s , 
( 2) a jig used in conjunction with the rou te r for finish 
machining the s t ra ight beam models ( see F igure 6) , 
( 3) a template for finish machining the curved beam models , 
( 4) a templa te for drilling and finish machining the tension 
models , 
( 5) a jig for finish machining the disk models . 
Sketches of the models used a r e shown in F igure 7. The 
fabrication of all the models was general ly s imi la r but each type 
differed great ly in detail . An outline of the des i red specimen was f i rs t 
scr ibed on a sheet of one-quar te r inch thick GR-39 p las t ic . This is an 
allyl res in manufactured by the Homalite Corporation1 . The specimen 
was then cut out with the j igsaw, leaving about one-eighth of an inch 
between the cut and the scr ibed l ine. The j igsaw cut was very jagged 
and left s eve re res idual s t r e s s e s in the model near the edges, which 
were removed in a l a t e r operation. 
Drilling the requi red holes was done with ordinary twist dr i l l s 
set as ide in the l abora tory for this use . Drill feed was by hand and a 
coolant composed of water and l inseed oil was used. Despite the use 
of the coolant and a very slow dri l l feed, machining s t r e s s e s on the 
o rde r of one fringe were prpduced around the ho les . Reaming did not 
completely re l ieve these s t r e s s e s , but the i r effect was negligible at 
the points where m e a s u r e m e n t s of fringe o rder were taken because of 
the relat ively l a rge distance between the dr i l led holes and measu remen t 
points. 






F igure 6 




Specimen Type "A" 
Beam - P u r e Bending 
F igure 7 (a) 
6" 
Specimen Type n B " 
Beam - Concentrated Load 
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Specirrren Type MC" 
Tension 
F igure 7 ( c) 
& 
Specimen Type l l E" 
Compre&si-©a Disk 




Specimen Type "D" 
Curved Beam 
F igure 7 ( d) 
rg 
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The final machining operation was done on the rou te r . A 
c i rcular guide about one inch in d iameter was clamped to the table of the 
router and used as a guide for the j igs . By utilizing the c r o s s feed and 
varying the position of the guide relat ive to the cut ter , cuts of varying 
depth could be made . Initial cuts were on the o rde r of 0. 015 inches 
while the finish cut was about 0. 002 or 0. 003 inch. F o r the final cut 
the center of the c i r cu la r tip of the guide was direct ly under the center 
of the cut ter . This pe rmi t t ed the jig to be manipulated by hand and 
ra ther seve re angular deviations in the direct ion of feed to be made 




It was des i red to investigate the react ion of severa l types of 
specimens under th ree different types of loading. Although the p r o -
pe r t i e s of the photoelastic ma te r i a l used might have a grea t effect on 
r e su l t s , it was n e c e s s a r y to l imit the investigation to one m a t e r i a l , 
CR-39. This p las t ic was chosen because it is inexpensive, commonly 
used, and is genera l ly sat isfactory for two-dimensional photoelastic 
work. 
Five specimen types were selected: a beam in pure bending, a 
beam with concentrated load, a concentr ic curved beam, a tensi le bar , 
and a disk radial ly loaded in compress ion . These types would cover, 
respect ively, the following s t r e s s fields: compress ion and tension due 
to bending, compress ion and tension with shear due to bending, com-
press ion and tension due to bending with supe r - imposed tension, s imple 
tension, and compress ion with shear , Readings were taken at points 
shown in F igure 7. 
The mechan i sms used for applying the th ree types of loading a r e 
shown in F igures 8, 9, and 10. To keep the number of var iables at a 
minimum the loading mechan i sm of each of the th ree sys t ems was 
identical with the exception of the way the force was applied to the 
main loading ba r . The constant load was applied by hanging meta l 
weights on a wi re fastened to the loading bar and travel ing over a 
wm 
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Tensile Specimen Weight ^ ^ 
Figure 8 
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pulley, giving the ba r an upward motion. A screw jack at the top of 
the loading f rame was used to apply load and movement to the loading 
bar for the c reep balance and dynamometer t e s t s . This screw t r a n s -
mit ted force to the loading bar , e i ther direct ly with a chain or with a 
dynamometer inse r ted between the screw and bar . The load could be 
obtained direct ly from the dynamometer but could not be a sce r t a ined 
for the constant s t ra in device. A se r i e s of l inkages with ball bear ing 
pin joints dis t r ibuted the load in the requi red manner to the spec imen. 
The study of each specimen was confined to ei ther one or two points , 
depending on the type of specimen. Since the fringe values had to be 
read at exact in terva ls of t ime readings at a g r e a t e r number of points 
was not considered feasible . Readings were taken as follows: 
( 1) init ially at t ime t = 0, which was always within fifteen 
seconds af ter application of load, 
( 2) every th ree minutes until t = 30 minutes , 
(3) every five minutes from t = 30 to t = 60 minutes , 
(4) every ten minutes from t = 60 minutes to t = 120 minutes 
Fr inge values were r ead by the Tardy 1 method to the n e a r e s t degree . 
Although the wr i t e r was somewhat dubious of his skill with the Tardy 
method, since it r e l i e s on visual comparison of shades , the ability to 
reproduce individual m e a s u r e m e n t s seemed to indicate accuracy well 
within t 3° of ana lyzer rotation for fringe o rde r s as high as five. This 
would give an accuracy within . 03 fr inges. Fr inge o r d e r s were kept 
well within the e las t ic range of CR-39 except very nea r the loading 
points where s t r e s s concentrat ions occur red . 
Details of this method a r e given in reference (4,) , p. 40. 
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No isocl inic measu remen t s were made since the models used 
were s tandard types with isoclinic pa t te rns readi ly available in the 
l i t e r a tu re . 
No relaxation data was recorded but visual inspection revealed 
severe res idual s t r e s s e s as high as 1-1/2 fringes immedia te ly upon 
unloading. Some res idual s t r e s s was still apparent 18 to 30 hours 
after unloading the spec imens . 
25 
CHAPTER V 
DISCUSSION OF RESULTS 
Creep resu l t s a r e compared as pe r cent of fringe value, the 
value th i r ty minutes after application of the load being considered one 
hundred per cent. Some such definition is neces sa ry because of the 
var iance in model dimensions and the impossibi l i ty of reproducing the 
exact loading from tes t to tes t . Since some degree of stabil ization in 
c reep is n e c e s s a r y to a r r i v e at an accura te bas is for comparison, and 
since the c reep ra te is very rapid for severa l minutes following loading, 
thus reducing the accuracy of the reading, the fringe value at th i r ty 
minutes has a r b i t r a r i l y been chosen as the bas i s for compar ison . Curves 
showing pe r cent of fringe order ve r sus t ime may be found in the 
appendix. The points on the curves a r e numer ica l ave rages of th ree 
t e s t s of equal weight. A discussion of the curves follows. 
Beam in P u r e Bending.—^Readings for beams in pure bending were 
taken at two points approximately 1/16 inch from the edge of the 
specimen, one on the tens i le side, the other on the compres s ive side. 
No appreciable difference in c reep ra tes was noted between the tens i le 
and compress ive sides of the beam in any t e s t . The total c reep 
observed for the constant load specimens was much g r e a t e r than for 
the constant s t ra in and dynamometer testSj the r e su l t s of which we re 
a lmost identical . 
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Beam with Concentrated L o a d . — L i k e the beam in pure bending no 
significant difference was noted in creep r a t e s on tensi le and com-
p r e s s i v e sections of the beams . Total c reep for the constant loading 
was much g rea t e r than for the other two types of loading. The constant 
s t ra in loading exhibited the smal les t amount of c reep , varying only 
slightly m o r e than one per cent for the two hour t e s t . 
Tensi le Member .—Readings were taken at one point, in the center , 
of the tensi le spec imens . No significant difference in c reep r a t e s was 
noted among these t e s t s , A fringe reduction phenomena was f i rs t 
r ecorded in these t e s t s with the constant s t ra in loading mechanism. 
On tes t C-8 the fringe o rde r decreased from 3. 78 at 24 minutes to 
3. 72 at 35 minutes . None of the other t e s t s in this s e r i e s exhibited 
this phenomenon. One explanation would be slippage in the loading 
mechan ism. The change is not abrupt, however, and the author does 
not believe that this hypothesis war ran t s acceptance without fur ther 
proof. 
Curved Beam .—Resu l t s of these t e s t s were disconcer t ing. Fo r 
instance, with the constant s t r a in device the fringe o rde r dec reased 
a s much as two percent during the f i rs t th ree minutes of the tes t . The 
fringe reduction phenomenon was observed in both tens i le and com-
p r e s s i v e s t r e s s a r e a s of specimens D- l , D-2, and D-3 . A slight effect 
of this type was noted on tes t s D-4, D-5 f and D-6 which w e r e loaded 
with a dynamometer . No such effect was seen on the constant load 
t e s t s . These resu l t s seem to indicate that p las t ic flow was occurr ing 
near the loading pin holes . While this conclusion may cause the 
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validity of these t e s t s to be questioned, it must be r e m e m b e r e d that 
the models used he re a r e types previously used in the l abora tory and 
the curves r ep re sen t actual c reep conditions that may occur with a 
specific specimen and type of loading. 
Although i r r e g u l a r curves were obtained for constant s t r a in and 
dynamometer loading the total c reep range was much l e s s than for the 
constant load tes t , being a maximum of three p e r cent, four pe r cent, 
and fifteen pe r cent respect ively. 
Radially Loaded Disk -—Fluctuations in fringe reading for the radial ly 
loaded disks were so l a rge that no f irm conclusions may be drawn. It 
is noteworthy, however that during the first few minutes the re is a 
marked reduction in the init ial fringe o rde r of the constant s t ra in 
spec imens . These t e s t s may substantiate the hypothesis of plas t ic 




A theoret ica l analys is of th ree types of loading methods for 
photoelast ic models has shown that: 
( 1) a constant load on a model will produce a constant fringe 
pa t te rn only if the re ta rda t ion is independent of strain., 
(2) a constant s t ra in loading device will produce a constant 
fringe pa t te rn only if the re tardat ion is independent of s t r e s s , 
( 3) a dynamometer loading device will reduce the optical 
creep effects dependent on s t r e s s or s t ra in but cannot e l iminate the 
effects due to these causes . The degree of reduction is dependent on 
the photoelast ic ma te r i a l . 
All th ree methods have been exper imental ly t es ted with a 
l imi ted number of t e s t s on labora tory models using CR-39 as a photo-
elast ic ma te r i a l . It was found that both the dynamometer and constant 
s t r a in devices reduced optical c reep during a two hour tes t per iod 
from as much as fifteen pe r cent of the fringe o rder , m e a s u r e d with a 
constant load, to as low as th ree pe r cent of the fringe o rde r . In no case 
did the constant load device have a lower optical c reep ra te than ei ther 
of the other two methods . Variat ions of the c reep r a t e s were such that 
no quantitative es t imate of optical c reep to be expected with different 
model types could be made . 
29 
The optical c reep r a t e s m e a s u r e d with the dynamometer and 
constant s t ra in devices were comparable for the model types tes ted . 
After the initial th i r ty minute per iod the c reep observed with the two 
methods for the remainder of the two hour tes t was approximately one 
per cent on all t e s t s . No t e s t s were run to invest igate the variat ion of 
these effects with different photoelastic m a t e r i a l s , 
Although the two methods give comparable c reep r e su l t s and 
a r e both preferab le from this standpoint to the constant load device, 
the s implici ty of the dynamometer device would make i ts use m o r e 
advantageous. Use of a constant s t ra in device would requ i re the use 
of a cal ibrat ion model in the sys tem to obtain instantaneous values of 
the fringe coefficient. The use of the dynamometer would allow 
instantaneous values of the load to be recorded direct ly from a sca le , 
simplifying the p rocedure and allowing l e s s opportunity for e r r o r . It 
should be possible to provide a dynamometer , accu ra t e to the same 




Fur the r work with this topic may well p roceed along the follow-
ing l ines : 
( 1) s imi l a r investigations with other photoelast ic m a t e r i a l s , 
( 2) investigation of the effects on optical c reep of high s t r e s s 
concentration at loading points, 
( 3) investigation of the cor re la t ion of physical c reep with 
optical c reep , using the th ree loading mechan i sms d i scussed h e r e , 
(4) investigation of the dependence of physical c reep ra te on 
s t r e s s for various photoelast ic m a t e r i a l s . 
It i s believed that the investigation of c reep r a t e s of new 
m a t e r i a l s holds much p romise , due to the continually increas ing numbe 
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Time - minutes 
F i g u r e - i l . Optical Creep of Beam in P u r e Bending, Constant Load 
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F igure 12. Optical Creep of Beam in P u r e Bending, Constant Strain 

















Time - minutes 
F igure 13. Optical Creep of Beam in P u r e Bending, Dynamometer Load 
Specimens A-11 , A-12, A-13 
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F igure 14 
Optical Creep of Beam With Concentrated Load, Dynamometer Load 
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Figure 15 
Optical Creep of Beam, Concentrated Load, Constant Strain 
Specimens B - 5 , B-6 , B-7 
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Time - minutes 
Figure 16 
Optical Creep of Beam With Concentrated Load, Constant Load 


















Time - minutes 
F igure 17. Optical Creep of Tensi le Bar , Constant Load 
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Figure 18. Optical Creep of Tensi le Bar , Dynamometer Load 



















Time - minutes 
90 120 
Figure 19. Optical Creep of Tensi le Bar , Constant Strain 
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Figure 20. Optical Creep of Curved Beam, Constant Strain 
Specimens D - l , D-2, D-3 
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Figure 21 . Optical Creep of Curved Beam, Dynamometer Load 
Specimens D-4, D-5, D-6 
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F igure 22. Optical Creep of Curved Beam, Constant Load 
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Figure 23. Optical Creep of Disk in Compress ion, Constant Load 
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Figure 24. Optical Creep of Disk in Compress ion, Dynamometer Load 
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Figure 25. Optical Creep of Disk in Compression, Constant Strain 
Specimens E-7 , E -8 , E-9 
TABLE 1 
Optical Creep of Beam in P u r e Bending, Constant Load 
Specimens A - 3 , A-4 , A-9 
Time Fr inge Reading a s P e r Cent 
A f t e r • ' "~~~ • 
Loading Tensi le F ie ld Compress ive Fie ld 
( m i n . ) A-3 A-4 A-9 Average A-3 A-4 A-9 Average 
0 85.81 91.61 93.45 90.29 88.01 88.19 93,57 89.92 
3 93.80 97.00 97.59 96.13 90.71 93.79 97.51 94.00 
6 94.73 98.34 98.67 97.25 93.44 95.68 98.38 95,83 
9 95.98 99.16 99.20 98.11 97.29 96.66 99.00 97.65 
12 95.98 98.68 99-86 98.17 97.62 97.31 99.11 98.01 
15 96.66 99.16 99.59 98.47 98.76 98.48 99.00 98.75 
18 98.27 99.16 99.59 99.01 99.21 98.48 99.73 99.14 
21 98.39 99.53 99.59 99.17 98.98 99.28 99.62 99.29 
24 99.53 99.87 99.59 99.66 99.33 99.28 99.87 99.49 
27 99.75 99.87 100.27 99.96 99.78 100.23 100.11 100.04 
30 100.00 99.87 100.14 100.00 100.00 99.87 99.87 99.91 
35 100.56 100.37 100.00 100.31 100.12 100.59 100.00 100.24 
40 101.36 100.37 100.14 100.62 100.45 100.59 100.22 100.42 
45 101.81 100.84 100.14 100.94 100.35 100.82 100.36 100.51 
50 101.94 100.84 100.27 101.02 100.35 101.18 100.73 100.75 
55 101.58 101.44 100.67 101.23 100.35 101.18 100.85 100.79 
60 102.74 101.79 100.53 101.69 101.47 101.28 100.85 101.20 
70 102.62 102.16 102,80 100.86 101.16 102.98 101.49 101.88 
80 102.62 102.39 100.80 .101.94 102.16 102.23 101.35 101.91 
90 102.62 102.13 100.80 102.18 102.38 102.13 102.09 102.20 
100 102.84 103.00 107.47 102.44 102.04 102.46 102.47 102.32 
110 103.64 103.34 101.59 102.85 102.38 102.46 102.47 102.44 
120 104.80 103.47 101.59 103.29 102.95 103.93 102.71 102.86 
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Optical Creep,Beam, Concentrated Load, Constant Strain 
Specimens B - 5 , B-6 , B-7 
Time 
' . • i.i i • i • i 
Fr inge Reading as \ P e r Cent 
After 
Loading 
TensiL e F ie ld Compress ive F ie ld 
( m i n . ) 
— » i 
B-5 B-6 B - 7 Average B - 5 B-6 B - 7 Average 
0 99.52 98.81 98.51 99.28 97.79 99.15 99.05 98.73 
3 99.52 99.33 99=41 99.42 99.26 99.75 99.45 99. 47 
6 99.83 99.48 100.00 99.77 99.42 100.00 99.72 99.71 
9 99.69 99.74 100.58 100.00 99.84 99.89 100.00 99.91 
12 99.69 99.60 99.84 99.71 100. 13 100.13 100.00 100.09 
15 100.17 99.60 100.27 100.01 100.00 100.27 100.00 100.09 
18 100.17 99.60 99.84 99.87 100.00 100.13 100.00 100.04 
21 99. a3 99.60 100.58 100.00 100.13 99.89 99.87 99.96 
24 99.69 99,60 100.58 99.96 100.29 99.89 100,00 100.06 
27 99.69 99.86 100.43 99.99 100,00 100.13 100.00 100.04 
30 100,00 100.14 100.00 100.05 100.00 100.00 100.00 100.00 
35 100. 17 100.38 100.27 100.27 100.00 100.00 100.00 100.00 
40 100.17 100.26 100.13 100.19 100.20 100. 13 100.00 100.14 
45 100.00 100.00 99.84 99.95 100. 13 100.13 100.00 100.09 
50 100.17 100.00 99.41 99.86 100, 13 100.13 99.87 100.04 
55 100.17 100.00 98.80 99.66 100. 00 100,13 99.87 100.00 
60 100.00 100.14 98.80 99.65 100. 13 100.00 99.87 100.00 
70 100.00 100.26 99.09 99.78 100.00 99.89 100.15 100.01 
80 100.00 100.52 98.67 99.73 100.00 99.89 99.87 99.92 
90 100.17 99.60 98.67 99.48 100.00 100.00 99.72 99.91 
100 100. 17 99.33 98.51 99.33 100.00 100.00 100.00 100.00 
11.0 100.17 99.60 98.51 99.43 100.00 100.00 99.87 99.96 
120 100.17 100.14 98.67 99.66 100.00 100.00 99.60 99.87 
100 P e r Cent Fr inge Order 
3.54 4,20 3.76 3.81 4 .48 3.99 U i 
TABLE 6 
Optical Creep,Beam, Concentrated Load, Constant Load 
Specimens B-10, B-11, B-12 
T i m e 
Af te r 
L o a d i n g 
F r i n g e Read ing a s P e r Cent 
Tens iL s F i e l d C o m p r e s s i v e F i e l d 
o 
( m i n . ) B - 1 0 B - l l 
B - 1 2 A v e r a g e B-10 B - l l B - 1 2 A v e r a g e 
0 90 . 33 9 0 . 8 5 9 0 . 8 6 9 0 . 6 8 87 . 16 8 9 . 4 5 8 6 . 5 7 8 7 . 7 3 
3 9 2 . 3 2 9 6 . 4 0 9 2 . 9 6 9 3 . 9 0 9 3 . 0 1 9 5 . 7 9 9 2 . 3 0 9 3 . 7 0 
6 9 3 . 5 4 9 7 . 5 9 9 4 . 4 9 9 5 . 2 1 9 4 . 1 6 9 7 . 7 3 9 5 . 3 2 9 5 . 7 4 
9 94. 98 9 8 . 3 1 9 7 . 2 4 96. 84 9 5 . 8 4 9 8 . 4 1 9 6 . 9 8 9 7 . 0 8 
12 9 7 . 2 1 9 9 . 2 8 9 8 . 9 1 9 8 . 4 7 97 .51 99 . 10 98 . 13 9 8 . 2 5 
15 9 8 . 6 4 9 8 . 7 9 99. 13 9 8 . 8 5 9 8 . 5 7 9 9 . 2 0 98 . 13 9 8 . 6 3 
18 9 9 . 5 2 9 8 . 9 8 9 9 . 7 8 9 9 . 4 3 9 9 . 2 8 99. 78 9 9 . 0 6 9 9 . 3 7 
21 9 9 . 5 2 9 9 . 3 9 100 .00 9 9 . 6 4 98. 98 9 9 . 8 8 9 9 . 7 9 9 9 . 5 5 
24 9 9 . 8 6 9 9 . 7 6 100 .00 99. 87 99 .40 9 9 . 8 8 100 .00 9 9 . 7 6 
27 9 9 . 8 6 100.00 99. 78 9 9 . 8 8 99 .81 . 9 9 . 8 8 9 9 . 8 9 9 9 . 8 6 
30 100 .30 100 .00 100 .00 100. 10 100 .43 100 .00 9 9 . 8 9 100. 11 
35 1 0 0 . 0 8 100 .22 99. 90 100 .06 100 .23 100 .45 100 .09 100 .26 
40 9 9 . 9 8 100.71 9 9 . 9 0 100 .20 100 .23 100 .45 100 .09 100 .26 
45 100 .20 100 .98 1 0 0 . 0 0 100 .39 9 9 . 9 2 100 .67 100 .09 1 0 0 . 2 3 
50 1 0 0 . 4 2 100.98 100 .00 100 .47 100.11 100 .67 100 .00 100 .26 
55 1 0 0 . 4 2 100 .61 1 0 0 . 3 4 100 .46 100 .23 100 .90 100 .00 100 .38 
60 100 .42 100 .71 1 0 1 . 0 1 100 .71 100 .43 101.37 100.00 100 .60 
70 100 .86 101 .45 100 .67 100 .99 100 .23 101 .37 1 0 1 . 1 4 100 .91 
80 100 .20 102 .28 1 0 0 . 2 4 1 0 0 . 9 1 100 .55 101 .47 1 0 0 . 9 4 100 .99 
90 1 0 0 . 2 0 102 .01 1 0 1 . 0 1 101 .07 100.87 101 .24 100 .94 1 0 1 . 0 2 
100 100 .76 102 .41 1 0 1 . 5 5 101 .57 100 .64 102 .27 101 .35 1 0 1 . 4 2 
110 101 .20 102.17 1 0 1 . 0 1 101 .46 100.96 102 .71 101 .24 1 0 1 . 6 4 
120 10.1.20 102 .54 1 0 1 . 0 1 101 .58 101.49 102 .27 101 .46 101 .74 
100 P e r Cent F r i n g e O r d e r 
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T A B L E 8 
Op t i ca l C r e e p , T e n s i l e B a r , D y n a m o m e t e r L o a d 
S p e c i m e n s C - 5 , C - 6 , C-7 
T i m e F r i n g e Read ing a s - P e r Cent 
Af te r 
L o a d i n g 
( m i n . ) C - 5 C-6 C-7 A v e r a g e 
0 9 0 . 4 7 8 8 . 5 2 
• . . i. • i . . . . . » 
9 0 . 7 2 8 9 . 9 0 
3 99 . 83 9 6 . 7 2 9 3 . 2 1 9 6 . 5 9 
6 9 9 . 2 3 9 8 . 2 0 9 4 . 9 1 9 7 . 4 5 
9 99 . 54 9 9 . 8 5 9 6 . 2 1 98 . 53 
12 99 . 54 99. 17 98 . 70 99. 14 
15 1 0 0 . 0 0 9 9 . 3 5 98 . 77 9 9 . 3 7 
18 99 . 84 9 9 . 5 0 9 9 . 3 4 9 9 . 5 6 
21 99 . 84 100 .00 9 9 . 7 6 9 9 . 8 7 
24 99 . 84 9 9 . 8 2 iOO.OO 9 9 . 8 9 
27 99. 84 100 .00 100 .00 9 9 . 9 5 
30 1 0 0 . 1 4 100 .00 100 .00 1 0 0 . 0 5 
35 1 0 0 . 1 4 100 .32 100 .00 100 .15 
40 1 0 0 . 4 3 1 0 0 . 6 5 9 9 . 4 8 100 .19 
45 1 0 0 . 4 3 100 .97 99. 88 1 0 0 . 4 3 
50 1 0 0 . 4 3 100 .97 100 .00 100 .47 
55 1 0 0 . 0 0 100 .97 100 .28 100 .42 
60 100 .27 1 0 1 . 4 5 100 .00 100 .57 
70 100 .60 101 .80 1 0 0 . 1 4 1 0 0 . 8 5 
80 1 0 0 . 6 0 101 .95 100 .52 101 .02 
90 1 0 0 . 6 0 102 .12 100 .80 101 . 17 
100 100 .87 102 .12 100 .80 101 .26 
no 1 0 0 . 6 0 101 .95 101 .46 101 .34 
120 100 .87 101 .95 101 .46 101 .43 
100 P e r Cent: F r i n g e O r d e r 
3 . 68 3 . 3 9 4. 24 
TABLE 9 
Optical Creep,Tensi le Bar , Constant Strain 
Specimens C-8, C-9, C-10 
T ime Fringe-Reading a« P e r Cent 
After 
Loading 
( m i n . ) C-8 C-9 C-10 Average 
6 93.04 89.11 92.29 91.48 
3 98.08 92.94 99.51 96.84 
6 98.96 96.04 99-51 98. 17 
9 99.25 98.09 99.69 99.01 
12 100.00 98.54 100.18 99.57 
15 100.29 98.99 100.37 99.88 
18 100.75 99.58 99.69 100.01 
21 100.75 99.73 100. 18 100.22 
24 100.75 99.87 99.85 100. 16 
27 100.29 100.00 99.85 100.04 
30 100.29 100.00 100,00 100.07 
35 99.25 100.00 100.00 99.75 
40 99.25 100.00 99.69 99.65 
45 99.84 100.00 100.00 99.94 
50 99.71 100.48 99.69 99.96 
55 99.09 100.32 100.68 100.03 
60 99.57 100.32 100.18 100.02 
70 100.16 100.48 100.18 100.27 
80 101.09 100.61 101.3^ 101.03 
90 100.91 100.48 101.54 100.98 
100 101.04 102.23 102.06 101.77 
110 101.33 102.68 101.39 101. 80 
120 100.75 102.97 102.06 101.93 
100 P e r Cent F r inge Order 
3 . 7 5 3 .77 3 . 2 4 
TABLE 10 
Optical Creeps Curved Beam, Constant Strain 
Specimens D - 1 , D-2, D-3 
Time 
Tensio 
F r inge Reading as Per < Cent 
e F i e l d A f t e r 
Loading 
n F ie ld Compressive 
( m i n , ) D - 1 D - 2 D -3 Average D-1 D - 2 D -3 Average 
0 106.63 101.32 99.57 102.51 103.. 57 94.66 98.74 98.99 
3 102.61 96.66 98.59 99.29 101.61 92.65 97.90 97.39 
6 102.61 98. 54 98.72 99.96 100.80 95. 10 95.77 97.22 
9 101.41 98.54 98. 87 99.61 103.21 99.56 95.35 99.37 
12 101. 63 99. 18 99.16 99.99 103.01 99. 12 96.00 99.37 
15 101.19 99. 45 99.44 100.03 103.21 100.44 97.44 100.36 
18 100.40 99.59 99.85 99.95 102.71 100.00 98.51 100.41 
21 100.62 99. 18 99.72 99.84 101.36 99.76 99.58 100.23 
24 100.40 99.59 100 :00 100.00 100.50 99.32 100.23 4 K> U . \J£s 
27 100.00 99.74 100.00 99.91 99.40 100.00 99.81 99.74 
30 100,40 100=00 100.15 100.22 99. 65 100.00 100.23 99.96 
35 99.61 100.12 100.00 99 ,91 100,50 100.00 99.81 100.10 
40 100.40 100.65 99.57 100.21 100.50 99.59 99.58 99.89 
45 100. 18 101.06 99.44 100.23 100.50 100.00 99.58 100.03 
50 100.40 101.32 99. 28 100.33 101.06 100.44 99.39 100.30 
55 100.62 100.00 99.29 99.97 100.80 100.44 99.39 100.21 
g 100.62 99. 45 99.57 99.88 100.50 100.00 98.97 99.82 100.40 99.59 99.57 99.85 100.50 100.00 99. 16 99.89 
80 100.18 100.00 99.44 99.87 100.50 100.00 99.58 100.03 
90 100. 18 99.74 99.28 99.73 100.50 97.31 98.51 98.77 
100 101.01 98. 54 99.16 99.57 99.95 97.95 97. 90 98.60 
110 100.18 99.06 99.44 99.56 100.50 97. 55 98.51 98.85 
120 100.40 98. 80 99.44 99. 54 101.06 96.42 97.71 98.40 
100 Per Cent Fr inge Value 
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Optical Creep, Curved Beam, Constant Load 
Specimens D-7, D-8, D-9 
Time F r i n g e Read ing a s P e r Cent 
After 
Loading 
T e n s i o n F i e l d C o m p r e s s i v e F i e l d 
O 
( m i n . ) D - 7 D - 8 DL-9 A v e r a g e D-7 D - 8 D-9 A v e r a g e 
0 9 0 . 3 8 8 8 . 0 1 9 2 . 0 3 9 0 . 1 4 92 .72 7 5 . 6 0 9 1 . 2 9 8 6 . 5 4 
3 9 5 . 4 2 9 5 . 3 1 9 7 . 4 3 9 6 . 0 5 92 .88 9 4 . 4 2 9 4 . 6 7 9 3 . 9 9 
6 9 8 . 0 6 9 5 . 1 9 9 7 . 4 3 9 6 . 8 9 96. 16 9 6 . 6 9 94. 67 9 5 . 8 4 
9 9 8 . 3 9 9 6 . 3 6 9 8 . 7 9 9 7 . 8 5 98 .92 9 7 . 5 1 9 5 . 5 8 9 7 . 3 4 
12 9 8 . 7 6 9 6 . 8 8 9 8 . 6 4 9 8 . 0 9 99 .28 98 . 14 9 6 . 6 5 9 8 . 0 2 
15 9 9 . 5 5 9 7 . 7 9 9 8 . 7 9 9 8 , 7 1 99 .28 9 8 . 14 9 7 . 5 5 9 8 . 3 2 
18 9 9 . 5 5 9 7 . 8 9 9 9 . 4 7 9 8 . 9 7 100.20 9 8 . 5 5 9 8 . 5 6 9 9 . 0 7 
21 9 9 . 6 7 9 8 . 5 7 100 .53 9 9 . 5 9 99 .80 99. 18 100 .00 9 9 . 6 6 
24 9 9 . 3 2 9 9 . 0 8 100 .12 9 9 . 5 1 100.00 9 9 . 5 9 100 .00 9 9 . 8 6 
27 9 9 . 9 0 9 9 . 6 0 100 .12 9 9 . 8 7 100.00 100 .00 100 .00 100 .00 
30 100 .00 100 .00 100 .00 100 .00 99 .80 100 .00 9 9 . 3 9 9 9 . 7 3 
35 1 0 0 . 2 5 100 .12 100 .12 100 .16 100.00 1 0 0 . 1 8 100 .13 100 .10 
40 100 .70 100 .54 9 9 . 8 5 100 .36 100.36 100. 18 100 .00 1 0 0 . 1 8 
45 1 0 0 . 5 8 100 .92 100 .66 1 0 0 . 7 2 100.56 1 0 0 . 4 1 100 .00 1 0 0 . 3 2 
50 1 0 1 . 2 3 100 .92 102 .40 1 0 1 . 5 2 100.92 1 0 0 . 1 8 100.60 100 .57 
55 1 0 1 . 7 3 101 .29 102 .55 101 .86 101.08 100 .00 100 .00 100 .36 
60 1 0 2 . 6 4 101 .43 1 0 2 . 8 4 102 .30 101.64 1 0 0 . 0 0 9 9 . 8 4 100 .49 
70 1 0 2 . 2 4 102 .23 1 0 3 . 9 1 1 0 2 . 7 9 102.00 100 .00 101 .07 1 0 1 . 0 2 
80 1 0 2 . 7 7 1 0 2 . 2 3 104 .17 103 .06 102.00 1 0 0 . 8 2 100.77 101 .20 
90 1 0 2 . 4 2 101 .95 104 .17 1 0 2 . 8 4 102.36 100 .00 100 .77 1 0 1 . 0 4 
100 1 0 2 . 9 9 101 .17 104 .59 1 0 2 . 9 2 102 .36 100 .82 101.37 1 0 1 . 5 2 
110 1 0 2 . 2 2 101 .83 104 .06 1 0 3 . 0 4 102.92 100 .82 101.37 101 .70 
120 1 0 4 . 3 8 101 .69 105 .25 103 .77 102.92 100 .18 102 .28 1 0 1 . 7 9 
100 P e r Cen t F r i n g e Value 
4 . 8 4 4 . 2 6 4. 12 3 .05 2 . 6 9 3 . 6 4 
TABLE 13 
Optical Creep,Disk in Compression, Constant Load 
Specimens E - l , E -2 , E -3 
Time F r inge Reading a s P e r Cent 
After — 
Loading 
(min. ̂  E-l E-2 
ii • i • i • -.i i i - • - r n I.I.J,, 
E-3 Average 
0 101.69 97.44 100.97 100.03 
3 101.69 99.22 102.95 101.29 
6 100.00 98.99 102.46 100.48 
9 98.01 98.72 99.74 98.88 
12 97. 13 98.22 98.55 97.97 
15 96.83 98. 22 97.80 97.62 
18 97. 13 98.72 99.03 98.29 
21 98.01 98.49 98.77 98.42 
24 98.57 99-73 99.30 99. 20 
27 98.82 99.50 99.30 99.21 
30 100.00 100.00 100.00 100.00 
35 100.26 100.23 100.97 100.49 
40 101.38 100.50 101.94 101.27 
45 102.25 100.78 101.50 101.51 
50 101.94 101.00 101.23 101.39 
55 101.94 100.23 100,00 100.72 
60 101.69 100.78 100.26 100.91 
70 101.38 101.00 100.00 100.79 
80 101.69 102.28 100.97 101.65 
90 101.94 102.28 100.97 101.73 
100 101.94 101.51 100.97 101.47 
110 101.69 101.51 100.53 101.24 
120 101.69 102.51 100.97 101.72 
100 Per Cent; of Fringe Order 
1.96 2.19 2.27 -S 
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TABLE 15 
Optical Creep* Disk in Compression, Constant Strain 
Specimens E -7 , E - 8 , E-9 
Time Fr inge Reading as P e r Cent 
After 
Loading 
min.J . E-7 E - 8 E - 9 A v e r a g e 
- - 5 - — — - - — - —-— - 104 r s r — 1 0 2 . 3 7 1W.SB " 105T47 
3 1 0 2 . 0 1 102.87 106. 97 103.95 
6 98 . 56 100 .28 101 . 15 100.00 
9 9 8 . 5 6 9 9 . 4 8 99 .75 9 9 . 2 6 
12 9 9 . 4 3 9 9 . 4 8 97. 79 98 .90 
15 1 0 0 . 2 6 9 9 . 2 5 98 .09 99. 20 
18 100 .00 9 9 . 4 8 98. 65 9 9 . 3 8 
21 9 9 . 6 9 9 9 . 4 8 98 .90 99 .36 
24 100 .00 9 9 . 4 8 98. 90 9 9 . 4 6 
27 9 9 . 6 9 9 9 . 4 8 100,30 9 9 . 8 2 
30 100 .00 100 .00 99 .20 99 .73 
35 9 9 . 4 3 100 .80 100.85 100 .36 
40 100 .00 101 .60 100.30 1Q0.63 
45 9 9 . 4 3 
100 .00 
101 .04 100.30 100 .26 
50 100 ,52 98 ,90 9 9 . 8 1 
55 100 .26 100 .52 98 .90 9 9 . 8 9 
60 1 0 1 . 13 100 .00 9 8 . 9 0 100 .01 
70 100 ,88 100 .80 99 .45 100.38 
80 9 9 . 6 9 100 .80 9 9 . 7 5 100.08 
90 100 .00 101 .32 9 9 . 4 5 100 .26 
100 101 .44 100 .52 9 9 . 7 5 100.57 
110 100 .57 100 .52 9 9 . 7 5 100 .28 
120 1 0 0 . 2 6 101 .04 100.30 100.53 
100 P e r Cent Fr inge Value 
1.94 2.12 1.99 
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